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DESCRIPTION
FIELD OF THE INVENTION

[0001] The present invention relates to the use of cannabinoid-containing plant extracts in the 
prevention or treatment of neural degeneration.

BACKGROUND TO THE INVENTION

[0002] Neural degeneration, or neurodegeneration, can be described as the progressive 
damage or death of neurones. Neurones are nerve cells in the brain whose primary function is 
to assist in the memory process. The damage or death of neurones leads to a gradual 
deterioration of the functions controlled by the affected part of the nervous system.

[0003] Neural degeneration often occurs as a result of oxidative stress. Oxidative stress occurs 
to the cells when the effects of pro-oxidants (such as free radicals, reactive oxygen and 
reactive nitrogen species) exceed the ability of anti-oxidants to neutralise them. When levels of 
free radicals or other pro-oxidants increase to such an extent, they can cause damage to cell 
membranes which in turn may result in cell death or damage to genetic material.

[0004] Neurodegenerative diseases are a group of disorders characterised by changes in 
normal neuronal functioning, leading, in most cases, to neuronal death. Most of these diseases 
are associated, especially in late stages, with severe neuronal loss.

[0005] With an ever increasing ageing population, progressively more individuals are affected 
by neurodegenerative diseases. According to the National Institute of Neurological Disorders 
and Stroke, there are more than 600 different types of neurological disorders.

[0006] Some of the most common types of neurological disorders include Alzheimer's disease, 
Parkinson's disease and multiple sclerosis.

[0007] The process of neural degeneration is often the result of glutamate excitotoxicity. 
Glutamate is a signalling chemical and under normal conditions the concentration of glutamate 
in a cell tends to be quite low. Glutamate is required at these low concentrations for crucial 
brain functions such as memory and learning. When glutamate concentrations increase, the 
process of neural degeneration begins.

[0008] When the brain is deprived of oxygen either due to a disease, such as a 
neurodegerative disease, a trauma, such as a closed head injury or due to an ischemic event 
such as a stroke, an abnormal build-up of glutamate occurs.
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[0009] Neural degeneration takes place when glutamate attaches to receptor proteins on a 
cells surface. These N-methyl-D-aspartate (NMDA) receptors then open an excess of calcium 
channels causing the intracellular concentration of calcium to increase rapidly. Calcium ions 
activate phospholipase A (PLA), which in turn results in the release of arachidonic acid and 
superoxide radicals.

[0010] Neural degeneration continues from the destructive effects of oxidative radicals caused 
by the glutamate flood. The radicals cause disruption of essential reactions in the neurones 
and this leads to degeneration or death of the cell.

[0011] Neuroprotective agents that are able to block the NMDA receptor are useful as they are 
able to block the reaction caused by glutamate and therefore prevent neural degeneration.

[0012] Some neuroprotective agents, which block the NMDA receptor, have been studied in 
clinical trials in stroke patients. Dextrorphan was the first NMDA antagonist to be studied in 
human subjects, but is of limited use due to its side effects of hallucinations, agitation and 
hypotension.

[0013] Another drug, Selfotel, showed trends towards a higher mortality rate with patients 
treated with the drug rather than placebo, and as such the trials were halted. The drug 
Cerestat also had its trials terminated because of concerns with the benefit-to-risk ratio of the 
drug.

[0014] Clearly there is a significant requirement for an efficacious NMDA antagonist to prevent 
or treat neural degeneration.

[0015] Cannabinoids are a group of chemicals known to activate cannabinoid receptors in 
cells. These chemicals, which are found in cannabis plants, are also produced endogenously in 
humans and other animals, these are termed endocannabinoids. Synthetic cannabinoids are 
chemicals with similar structures to plant cannabinoids or endocannabinoids.

[0016] Plant cannabinoids can also be isolated such that they are "essentially pure" 
compounds. These isolated cannabinoids are essentially free of the other naturally occurring 
compounds, such as, other minor cannabinoids and molecules such as terpenes.

[0017] Essentially pure compounds have a degree of purity up to at least 95% by total weight. 
Some essentially pure cannabinoids (whether synthetic or isolated) have been suggested to be 
neuroprotective agents, either by direct antagonism of the NMDA receptor or by reducing the 
influx of calcium ions into the cell by another means such as binding with cannabinoid 
receptors.

[0018] It was discovered that glutamate toxicity could be prevented to some extent by isolated 
or synthetic tetrahydrocannabinol (THC) or cannabidiol (CBD), (Hampson et al. 1998). The 
cannabinoids were tested in vitro on neuronal cultures exposed to glutamate.
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[0019] However further research from an in vivo study by the same group failed to find a 
difference between animals treated with isolated or synthetic CBD and the placebo treated 
animals (Rosenthal et al. 2000).

[0020] The treatment of diseases including epilepsy, bradycardia, tachycardia, hypertension, 
hypotension, inflammation, MS, spinal cord injury, neuropathies, IBD, stroke, head injury and 
immune-diseases using cannabis extracts are described in US 2004/034108, GB2392093, WO 
2004/016246, WO 02/064109 and WO 03/037306. However none of these documents 
describe the ratio of cannabinoid to non-cannabinoid fraction.

[0021] WO 03/105800 describes the use of cannabis extracts to treat paralysis by MS, 
movement disorders, asthma, epilepsy, withdrawal symptoms of alcoholism, Parkinson's 
disease, Alzheimer's disease and arthritis. However this document does not describe the ratio 
of cannabinoid to non-cannabinoid fraction.

[0022] WO 02/069993 describes the use of cannabis extracts as antidepressants, anxiolytics, 
antiepileptic and as an anti-inflammatory. However this document does not describe the ratio of 
cannabinoid to non-cannabinoid fraction.

[0023] Surprisingly the applicants have found that the administration of cannabinoid-containing 
plant extracts, are more efficacious than essentially pure cannabinoids in the prevention of 
neural degeneration. In particular cannabinoid-containing plant extracts comprising as a 
predominant cannabinoid either tetrahydrocannabinol (THC) or cannabidiol (CBD) were 
particularly efficacious in the prevention of neural degeneration.

[0024] The term "cannabinoid-containing plant extract" is taken herein to refer to one or more 
plant extracts from the cannabis plant. A cannabinoid-containing plant extract contains in 
addition to one or more other cannabinoids, one or more non-cannabinoid components which 
are co-extracted with the cannabinoids from the plant material. Their respective ranges will 
vary according to the starting plant material and the extraction methodology used. 
Cannabinoid-containing plant extracts may be obtained by various means of extraction of 
cannabis plant material. Such means include but are not limited to: supercritical or subcritical 
extraction with CO2, extraction with hot gas and extraction with solvents.

SUMMARY OF INVENTION

[0025] According to the first aspect of the present invention there is provided a Cannabis 
sativa L. plant extract for use as a neuroprotectant in the prevention or treatment of neuro­
degeneration, wherein the Cannabis sativa L. plant extract comprises either:

1. a) an extract where a major cannabinoid is tetrahydrocannabinol (THC) and the extract 
comprises (w/w of extract)
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1. i) 63.0 - 78.0% THC, 0.1 - 2.5% cannabidiol, 1.0 - 2.0% cannabigerol, 0.8 - 2.2%
cannabichromene, 0.4 - 1.0% tetrahydrocannabivarin, and <2.0%
tetrahydrocannabinolic acid; and

2. ii) <6.0% terpenes including monoterpenes; di/tri-terpenes; sesquiterpenes; and 
other terpenes, and 6.3 - 26.7% sterols; triglycerides; alkanes; squalene; 
tocopherol; and carotenoids, or

2. b) an extract where a major cannabinoid is cannabidiol (CBD) and the extract comprises 
(w/w of extract)

1. i) 57.0 - 72.0% CBD, 2.0 - 6.5% THC, 0.8 - 6.5% cannabigerol, 3.0 - 6.5% 
cannabichromene, 1.0 - 2.0% cannabidivarin, and <2.0% cannabidiolic acid and

2. ii) <5.8% terpenes including monoterpenes; di/tri-terpenes; sesquiterpenes; and 
other terpenes, and 1.7 - 28.4% sterols; triglycerides; alkanes; squalene; 
tocopherol; and carotenoids

wherein the ratio of the cannabinoid-containing fraction (i) to non-cannabinoid containing 
fraction (ii) is between 60:40 to 90:10 of the total extract..

[0026] Naturally extracted cannabis plant components will be present as two different fractions: 
the cannabinoid-containing fraction and the non-cannabinoid containing fraction. The ratios of 
the two fractions are usually between 60:40 to 90:10 (cannabinoid-containing fraction: non- 
cannabinoid containing fraction). More often the ratio of the two fractions are between 70:30 to 
80:20 (cannabinoid-containing fraction: non-cannabinoid containing fraction).

[0027] The "major cannabinoid" is herein defined as the predominant cannabinoid in the 
cannabinoid-containing plant extract. In the case of a plant extract from a cannabis plant bred 
to contain a high content of THC the major cannabinoid will be THC.

[0028] The "minor cannabinoid" is herein defined as the second most predominant 
cannabinoid in the cannabinoid-containing plant extract. In the case of a plant extract from a 
cannabis plant bred to contain a high content of THC the minor cannabinoid will usually be 
CBD.

[0029] The "other cannabinoids" are herein defined as all of the remaining cannabinoids that 
are present in a cannabis plant extract when the major and the minor cannabinoids have been 
accounted for. In the case of a plant extract from a cannabis plant bred to contain a high 
content of THC the other cannabinoids will include cannabigerol (CBG), cannabichromene 
(CBC), tetrahydrocannabidivarin (THCV) and tetrahydrocannabinolic acid (THCA).

[0030] The non-cannabinoid containing fraction will usually comprise terpenes, which usually 
account for approximately 6% (w/w) of the total weight of the extract and other plant derived 
components, which account for 1-28% (w/w) of the total weight of the extract. The other plant 
derived components include sterols, triglycerides, alkanes, squalene, tocopherol and 
carotenoids.
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[0031] The above ranges and compounds are from analysis of a cannabinoid-containing plant 
extract which was extracted from a cannabis plant using the subcritical CO2 extraction 

technique as described in the applicants granted United Kingdom patent GB2391865.

[0032] The International patent application WO 2002/32420 in the name of Delta-9-Pharma 
describes in Table 1 the composition of cannabis plant extracts that have been extracted using 
other techniques. Other components of the non-cannabinoid containing fraction have been 
identified using supercritical CO2 extraction, ethanol and hexane extraction techniques. These 

include: chlorophyll, flavonoid glycosides and alkaloids.

[0033] Another cannabis plant extraction technique is extraction with hot gas as described in 
the applicants granted United Kingdom patent GB2376464.

[0034] The Cannabis sativa L. plant extract for use as a neuroprotectant in the prevention or 
treatment of neuro-degeneration may comprise a combination of the extract a) and the extract 
b).

[0035] The Cannabis sativa L. plant extract for use as a neuroprotectant in the prevention or 
treatment of neuro-degeneration preferably comprises all of the naturally extracted cannabis 
plant components.

[0036] The term "neural degeneration" is used to describe different groups of conditions and 
diseases. These groups include but are not limited to: neurodegenerative diseases, ischemic 
diseases, brain injury or damage and age-related or autoimmune neural degeneration

[0037] Neurodegenerative diseases arise when degeneration of the neural pathway occurs as 
a result of a specific disease. Ischemic diseases arise when degeneration of the neural 
pathway occurs as a result of lack of oxygen. Brain injury or damage arise when degeneration 
of the neural pathway occurs as a result of an injury to the brain itself. Age-related or 
autoimmune neural degeneration arise when degeneration of the neural pathway occurs as a 
result of the patient's age or due to an autoimmune disease.

[0038] The Cannabis sativa L. plant extracts are for use in the are for use in the prevention or 
treatment of neurodegenerative disease.

[0039] Preferably the neurodegenerative disease is taken from the group: Alzheimer's disease; 
Parkinson's disease; amyotrophic lateral sclerosis; Huntington's disease; multiple sclerosis, 
frontotemporal dementia; prion disease; Lewy body dementia; progressive supranuclear palsy; 
vascular dementia; normal pressure hydrocephalus; traumatic spinal cord injury; HIV dementia; 
alcohol induced neurotoxicity; Down's syndrome; epilepsy or any other related neurological or 
psychiatric neurodegenerative disease.

[0040] Alternatively the Cannabis sativa L. plant extracts are for use in the prevention or 
treatment of ischemic disease.
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[0041] Preferably the ischemic disease is taken from the group: stroke; cardiac ischemia; 
coronary artery disease; thromboembolism; myocardial infarction or any other ischemic related 
disease.

[0042] Alternatively the Cannabis sativa L. plant extracts are for use in the prevention or 
treatment of brain injury or damage.

[0043] A brain injury includes diffuse axonal injury; concussion; contusion; whiplash or any 
other traumatic head or brain injury.

[0044] Alternatively the brain injury or damage is an acquired brain injury.

[0045] An acquired brain injury includes stroke; anoxic brain injury; hypoxic brain injury or any 
other acquired brain injury.

[0046] The brain injury or damage may be a closed head injury or an open head injury or any 
other head injury.

[0047] Alternatively the Cannabis sativa L. plant extracts are for use in the prevention or 
treatment of age related inflammatory or autoimmune disease.

[0048] Certain aspects of this invention are further described, by way of example only.

SPECIFIC DESCRIPTION

[0049] Recently, clinical trials have been performed on cannabis plant extracts, in order to test 
the mainly anecdotal evidence of their analgesic and other medicinal properties.

[0050] One study has found that the combination of tetrahydrocannabinol (THC) and 
cannabidiol (CBD) in an approximately equal ratio was an effective analgesic in patients with 
central neuropathic pain (Berman et al., 2004). The cannabinoid-containing plant extracts of 
Cannabis Sativa L. containing either THC or CBD were mixed in a 1:1 ratio and compared 
against placebo.

[0051] It has been suggested that there may be an interaction between the cannabinoid 
components in a cannabis plant extract with other non-cannabinoid components in the plant 
extract.

[0052] Therefore this study compared a THC-containing plant extract and a CBD-containing 
plant extract with their essentially pure counterparts.

[0053] The compositions of the THC-containing plant extract and the CBD-containing plant
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extract are described in Table 1 below.
Table 1:

THC-containing plant extract 
(% w/w of extract)

CBD-containing plant extract 
(% w/w of extract)

Major/Minor Cannabinoid:
THC Content |63.0-78.0 |2.0 - 6.5

CBD Content [0.1 -2.5 )57.0-72.0

Other Cannabinoids:

Cannabigerol 1.0-2.0 0.8-6.5

Cannabichromene 0.8-2.2 3.0-6.5

Tetrahyrocannabidivarin 0.4-1.0 -
Tetrahydrocannabinolic 
acid

<2.0 -

Cannabidivarin - 1.0-2.0

Cannabidiolic acid - <2.0

Ternenes:

Monoterpenes 0.7 0.4

Di/tri-terpenes 0.6 0.4

Sesquiterpenes 1.7 2.0

Other terpenes <3.0 <3.0

Other minor Dlant derived coiwonents including:

Sterols
’S

6.3-26.7 1.7-28.4

Triglycerides

X>
Alkanes

Squalene

Tocopherol

Carotenoids

[0054] Experiments were conducted on hippocampal neurones; the effects of the cannabinoid- 
containing plant extracts and the essentially pure cannabinoids on calcium ion homeostasis in 
both acute and chronic paradigms were investigated.

[0055] Surprisingly it was discovered that there were significant differences between the 
cannabinoid-containing plant extracts and the essentially pure cannabinoids. The experiments 
on chronic application provided evidence that the essentially pure cannabinoids lost their 
effectiveness over a longer term, whereas the cannabinoid-containing plant extracts gained 
efficacy. This infers that the use of cannabinoid-containing plant extracts as neuroprotective 
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agents is a safer and more efficacious route than the use of essentially pure cannabinoids. It 
would seem that one or more of the components identified in the plant extracts, including the 
other cannabinoids, as detailed in Table 1, contribute to the neuroprotective effects of the main 
cannabinoids.

[0056] In the Examples described below the following methods were used in order to elucidate 
the neuromodulatory effects of cannabinoids.

Culture Preparation

[0057] Standard primary hippocampal cultures were prepared from Lister-Hooded rat pups (1- 
3 days old), euthanised by cervical dislocation, in accordance with Home Office and institute 
regulations. The brain was quickly removed, hippocampi dissected out and placed in ice-cold 
filtered HEPES buffered solution (HBS, composition in mM: NaCI 130; KCI 5.4; CaCl2 1.8; 

MgCl2 1.0; HEPES 10; glucose 25). Micro-dissection was performed to remove blood vessels 

and excess, non-hippocampal, tissue.

[0058] The hippocampal tissue was thinly chopped and placed in 1 mg/ml type X and XIV 
protease solution (40 minutes) . The tissue was then washed in HBS and triturated several 
times using graded fire-polished glass Pasteur pipettes. Following centrifugation, the 
supernatant was removed and the remaining tissue pellet re-suspended in tissue culture 
medium (90% Minimum Essential Medium with 10% foetal bovine serum and 2mM L- 
glutamine). The tissue was stored at standard conditions: in a humidified incubator at 37°C and 
in 5% CO2, and re-centrifuged.

[0059] Excess medium was removed and the tissue pellet re-suspended in culture medium for 
plating. A drop of cell suspension was placed on the centre of a 35mm culture dish, coated with 
poly-L-lysine and incubated at 37°C for 1 hour. Following this, a further 2ml of tissue culture 
medium was gently added to each dish and the culture kept in a humidified incubator (37°C; 
5% CO2).

[0060] Cultures were allowed to mature for 2 days before replacement of MEM with 
Neurobasal Medium, supplemented with 2% B27, 2mM L-glutamine, and 25μΜ L-glutamate.

[0061] Culture dishes were used for imaging at 5-10 days in vitro.

Calcium Imaging

[0062] For calcium imaging experiments, hippocampal cultures were washed with HBS at room 
temperature and loaded with the cell-permeable fluorescent calcium indicator Fura-2-AM 
(10μΜ) for 1 hour in the dark.
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[0063] The sodium channel blocker tetrodotoxin (TTX) was added to all perfusion media, to 
avoid spontaneous cell firing and transmitter release, ensuring only post-synaptic effects were 
visualised.

[0064] Cultures were perfused with HBS or low Mg2+ HEPES buffered solution for experiments 
involving NMDA (composition in mM: NaCI 130; KCI 5.4; CaCl2 1.8; MgCl2 0.1; HEPES 10; 

glucose 25), at a rate of 1-2 ml/min, using a gravity perfusion system.

[0065] A suitable field of cells was identified under the microscope and a greyscale 
transmission image visualised and captured using Oracal software. A Xenon lamp, which gave 
a single wavelength of light, was used to expose the cells to 350nm and 380nm, specified by 
the monochromator.

[0066] The ratio of these wavelengths, which is directly proportional to intracellular calcium 
levels in the cells, was plotted after background fluorescence subtraction.

[0067] The data that were produced were pooled and means for each experiment determined.

Drugs and stock solutions

[0068] Essentially pure CBD and THC were stored in a 1mg/ml ethanolic solution. For 
experimentation, the ethanol was evaporated off and the cannabinoid was re-suspended in 
DMSO (at a cannabinoid concentration of 1mM).

[0069] Cannabis-containing CO2 extracts of THC and CBD (obtained as per the method of GB 

2391865) were also stored in an ethanolic solution. The THC-containing plant extract 
contained 72.6% THC and 2.5% CBD, whilst the CBD-containing plant extract contained 64.6% 
CBD and 2.5% THC. The remaining percentage of both extracts contained other cannabinoids 
(5-6%), terpenoids (6-7%), sterols (6%), triglycerides, alkanes, squalene, tocopherol, 
carotenoids and other minor, plant-derived components (qs. to 100%).

[0070] Again for experimentation, the ethanol was evaporated off and the cannabinoids re­
suspended in DMSO (at a cannabinoid concentration of 1mM).

[0071] Cannabinoid-ratioed comparators of the cannabis-containing plant extracts were also 
used in some of the experiments. The comparators comprised a ratio of essentially pure major 
and minor cannabinoids, but did not contain the other cannabinoids or any components of the 
non-cannabinoid fraction.

[0072] For the THC comparator, essentially pure THC and CBD were added together in a ratio 
of 29.1:1. For the CBD comparator, essentially pure CBD and THC were added together a ratio
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of CBD toTHC of 25.9:1.

[0073] A stock of NMDA (10mM) was made up in double-distilled water and the necessary 
concentrations made up in HBS. NMDA (with 100pM glycine) was applied in every experiment 
to categorically distinguish between neuronal and glial cells in the image obtained.

[0074] Moreover, response to an NMDA challenge was taken as an indication of viability of 
neurones. In experiments that were not examining NMDA, a concentration of 50pM was 
applied at the conclusion of the experiment to indicate viability.

Experimental Protocols

[0075] In order to test the regulation of calcium homeostasis in the presence of the test article, 
the effects were measured in response to a five-minute application of 1pM sample.

[0076] The acute modulatory effect of calcium homeostasis was assessed by comparing an 
initial two-minute application of NMDA (10pM) with a subsequent two-minute application of 
NMDA (10pM). The subsequent application of the NMDA followed a five minute application of 
1pM sample.

[0077] To assess the effects of the test articles under more realistic chronic treatment regimes, 
cells were incubated overnight with 1pM sample and responses to increasing doses of NMDA 
assessed (1, 10 & 100pM).

[0078] In order to assess whether the acute modulatory effects are altered by overnight 
incubation, the cells were incubated overnight with the 1pM sample and assessed by 
comparing an initial two-minute application of NMDA (10pM) with a subsequent two-minute 
application of NMDA (10pM). The subsequent application of the NMDA followed a five minute 
application of 1pM test article.

Data Analysis

[0079] Fluorescent units were c onverted into %AF/F. F is defined as an average of five 
baseline values before drug application. The value for %AF/F is therefore the percentage 
change in the average baseline value before drug application divided by the average baseline 
value before drug application.

[0080] All experiments were performed a minimum of three times, each on neurones from a 
different culture. Only changes in fluorescence >0.1 ratio units were considered as a response. 
Data were exported to Excel and statistical analysis performed using Prism. Normality tests 
confirmed absence of normal distribution of data. Therefore, a Mann Whitney U test was 
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utilised for paired comparisons and for multiple group comparisons a Kruskal-Wallis test with 
either a Dunn's or Mann Whitney post-test used.

Example 1:

The effects of cannabinoids on intracellular calcium levels

[0081] It has previously been shown that essentially pure CBD alters the intracellular calcium 
levels. It has also been suggested that other cannabinoids such as essentially pure THC and 
the synthetic cannabinoid WIN55212-2 alter the calcium ion homeostasis in neurones. This has 
implications in either neuroprotection or apopotosis of the cells.

[0082] A rise in the intracellular calcium ion concentration is harmful to neurones when the 
increased concentration is maintained over a period of time or when the concentration exceeds 
physiological levels.

[0083] Calcium ion signalling constantly occurs in neurones and a transient rise in intracellular 
calcium ion concentration is not necessarily damaging.

[0084] The effects of the essentially pure cannabinoids, the cannabinoid-containing plant 
extracts and the cannabinoid-ratioed comparators were assessed to investigate the responses 
of the neurones to these different forms of cannabinoid.

[0085] From the previous results described above with essentially pure THC and WIN55212-2, 
it might be expected that all forms of cannabinoids would cause a rise in the intracellular 
calcium ion concentration. A smaller rise in the calcium ion concentration after treatment would 
indicate a better probability that this form of cannabinoid possesses neuroprotective effects.

[0086] A smaller increase in the intracellular calcium ion concentration coupled with a 
reduction in the concentration of calcium ions over a longer period of treatment (as detailed in 
Example 3) would infer that this form of cannabinoid may be useful as a neuroprotective agent.

[0087] The data generated from this experiment showed that all forms of the cannabinoids 
tested resulted in an increase in the concentration of intracellular calcium ions. Table 2 below 
details the mean size of the increases in each test article.
Table 2:
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Test Article Concentration of intracellular Ca2+ |%AF/F

|'35'62'"'
Pre-treatment Post-treatment Response (Post-Pre)

P-THC 0.363 0.588 0.225 I 56.38

E-THC 0.290 0.369 0.079 I 27.89

C-THC 0.273 0.633 0.360 I 134.14 I

[0088] In the table above the different forms of cannabinoid are abbreviated as follows:

P-CBD - essentially pure CBD

E-CBD - CBD-containing plant extract

C-CBD - CBD comparator

P-THC - essentially pure THC

E-THC - THC-containing plant extract

C-THC - THC comparator

(These abbreviations are used in all of the following tables)

[0089] As can be seen in Table 2 the amount of increase in intracellular calcium ion 
concentration produced by the CBD- and the THC-containing plant extracts are much lower 
than those produced by their essentially pure counterparts.

[0090] The comparators appear to act in a similar manner to that of the essentially pure 
cannabinoids, causing an increase of a greater value in the concentration of the intracellular 
calcium ions, than that of the cannabinoid-containing plant extracts.

[0091] There doesn't appear to be any significant difference in the size of the response 
produced by the CBD- and the THC-containing plant extract.

[0092] As can be seen the cannabinoid-containing plant extracts produce a far smaller 
increase in the concentration of intracellular calcium ions inferring that these test articles would 
be more suitable for use as neuroprotective agents.

[0093] The reason for the cannabinoid-containing plant extracts causing a smaller increase 
cannot be solely due to the presence of the minor cannabinoid in the extract, (THC in the case 
of the CBD-containing plant extract or CBD in the case of the THC-containing plant extract), as 
the comparator test articles which contained the minor cannabinoid produced similar effects to 
that of the essentially pure cannabinoids.
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[0094] It can be considered that it is the presence of one or more of the other cannabinoids or 
non-cannabinoid components, as detailed in Table 1, that enables the cannabinoid-containing 
plant extract to have a less damaging effect on the cells than the essentially pure 
cannabinoids.

Example 2:

The neuromodulatory effects of acutely applied cannabinoids

[0095] The acute modulation of calcium ion homeostasis was assessed by comparing an initial 
two-minute application of NMDA (ΊΟμΜ) with a subsequent two-minute application of NMDA 
following a five-minute application of ΊμΜ of the particular cannabinoid test article.

[0096] NMDA is a neurotoxin and is used in experiments to assess the neuroprotectivity of 
compounds. NMDA is a glutamate agonist and causes the neurotoxic effects associated with 
NMDA receptor binding.

[0097] The response produced by the cell in the presence of NMDA will be an increase in the 
concentration of the intracellular calcium ions. A neuroprotective agent should be able to 
reduce this increase.

[0098] Therefore a reduction in the size of the cells response to NMDA would infer that a test 
compound was neuroprotective.

[0099] The experiments described in this example compare the response produced by the 
cells in the presence of NMDA prior to and post treatment with the cannabinoid test article.

[0100] Table 3 below details the results obtained. 
Table 3:

Test 
Article

Pre-treatment 
[Ca2+]

%AF/F Post-treatment 
[Ca2+]

%AF/F Response (% 
change)

P-CBD 0.722 91.70 0.302 32.91 I 58.2

E-CBD 0.712 173.73 0.549 120.73 22.9

C-CBD 0.703 81.61 0.502 44.51 28.6

P-THC 0.741 93.69 0.596 63.81 19.6

E-THC 0.798 161.35 0.600 78.48 I 24.8

C-THC 1.082 133.92 0.737 59.57 I 31.9

[0101] As can be seen above, all of the samples were able to reduce the concentration of
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intracellular calcium ions, showing that they have the potential to be neuroprotective.

[0102] The essentially pure CBD was shown to produce a far greater reduction in the 
concentration of the intracellular calcium ions in comparison to the other test samples.

[0103] Although this response appears to show that the essentially pure CBD would be more 
beneficial as a neuroprotective agent than that of the other test articles, this is not necessarily 
the case.

[0104] Drugs that are able to strongly interfere with the action of NMDA tend to cause side 
effects on learning and memory. This is due to the requirement in the brain for low 
concentrations of glutamate for functions involved with learning and memory. When a drug is 
able to reduce the effects at the NMDA receptor to such a large degree although the neurones 
will be protected, a patient's cognition is likely to be impaired at the same time.

[0105] All of the other test articles gave similar reductions in the concentration of intracellular 
calcium ions of around 20-30% reduction. This reduction is more likely to be neuroprotective 
without harmful cognitive effects.

[0106] In this set of experiments there was little difference in the results obtained between the 
comparators and the cannabinoid-containing plant extracts. The essentially pure THC gave the 
lowest amount of reduction.

Example 3:

Long-term action of cannabinoids on the intracellular calcium ion concentration.

[0107] In order to assess the chronic effects of the different forms of cannabinoids on the 
intracellular calcium ion concentration, cells were incubated overnight with 1pM of the test 
article at 37°C, 5% CO2. Responses to increasing doses of NMDA (1, 10 & 100pM) were 

assessed.

[0108] Because the treatment of neurodegenerative diseases is very likely to require more 
than one dose of medication an assessment of the effects of the cannabinoids over a longer- 
term was made.

[0109] A reduction in the intracellular calcium ion concentration would infer that the 
cannabinoid had neuroprotective effects.

[0110] The concentration of intracellular calcium ions was measured in the cells prior to 
treatment, to determine the effect that the test article made to the concentration when
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incubated overnight.

[0111] This data is shown in Table 4 below and can be compared with the data produced from 
the acute treatment with the different forms of cannabinoids as described in Example 1 (Table 
2).

[0112] The controls that were used were naive culture dishes with no incubation with test 
article; the NMDA was added at the appropriate concentration and the change in the 
concentration of intracellular calcium ions was determined.
Table 4:

Test 
Article

Concentration of intracellular Ca2+ Response 
(Post-Pre)

Change from 
control (%)

Control 0.775 -
P-CBD 0.893 13.2

E-CBD 0.786 1.4

C-CBD 0.919 15.7

P-THC 0.826 6.2

E-THC 0.751 -3.2

C-THC 0.814 4.8

[0113] A smaller percentage change from the control value demonstrates a smaller increase in 
the concentration of intracellular calcium ions. A minus figure for the percentage change from 
the control value demonstrates a reduction in the concentration of calcium ions.

[0114] As detailed in the table above, it can be seen that the CBD-containing plant extract 
produced a far smaller change in the intracellular calcium ion concentration than that produced 
by the essentially pure CBD and the CBD comparator. The change in concentration of 
intracellular calcium ions that was produced by the CBD-containing plant extract was of a 
similar level to that produced by the control.

[0115] The THC-containing plant extract was shown to reduce the concentration of the 
intracellular calcium ions, whereas incubation with the essentially pure THC and the THC 
comparator both resulted in an increase that was not as large as the increase produced by the 
essentially pure CBD and CBD comparator.

[0116] These data are very important as they show that the cannabinoid-containing plant 
extracts do not cause a significant alteration in the neurones basal calcium ion concentration.

[0117] When these data are compared to that in Table 2 (Example 1) where the acute 
application of all of the test articles resulted in an increase in the concentration of intracellular 
calcium ions, it can be seen that the use of cannabinoid-containing plant extracts, as a longer-
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term treatment would not interfere with cell signalling.

[0118] The essentially pure cannabinoids and the comparators could potentially cause 
apoptosis or cellular damage when used as a longer-term treatment as the chronically raised 
intracellular calcium ion concentrations produced by overnight incubation with these 
cannabinoids is known to be harmful.

[0119] The effect of increasing concentrations of the neurotoxin NMDAon the concentration of 
intracellular calcium ions was also assessed.

[0120] Tables 5 to 7 below detail the cells responses to the different concentrations of NMDA. 
A reduction in the concentration of intracellular calcium ions would infer that the test article that 
the cells were incubated with overnight was able to produce neuroprotective effects in the 
neurones.
Table 5: 1uM NMDA

Test Article Concentration of intracellular Ca2+ |%AF/F

Pre-treatment Post-treatment Response (Post-Pre)
P-CBD 0.933 0.410 -0.523 I 43.80

E-CBD 0.778 0.221 -0.557 I 27.33

C-CBD 0.967 0.417 -0.550 I 41.47

P-THC 0.839 0.522 -0.317 I 62.24

E-THC 0.746 0.135 -0.611 I 18.13 I

C-THC 0.811 0.492 -0.319 I 60.70 I

[0121] As is shown in Table 5 above, all of the test articles reduced the concentration of 
intracellular calcium ions after treatment with 1pM NMDA. All of the test articles reduced the 
concentration to a similar degree apart from the essentially pure THC and the THC 
comparator. These samples did not reduce the concentration of calcium ions as much as the 
others.

[0122] From these data, at the lowest concentration of NMDA tested, all of the test articles 
show potential for neuroprotectivity. When these data are combined with the data from Table 4 
it is clear that only the cannabinoid-containing plant extracts would be useful, as they did not 
raise the intracellular calcium ion concentration on long-term treatment, whereas the other test 
articles did.
Table 6: 10uM NMDA

Test Article Concentration of intracellular Ca2+ |%AF/F
Η ϊ

Pre-treatment Post-treatment Response (Post-Pre)
P-CBD 0.913 0.489 -0.424 I 53.54

E-CBD 0.813 0.491 -0.322 I 60.35
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Test Article Concentration of intracellular Ca2+ |%AF/F

Pre-treatment Post-treatment Response (Post-Pre)
C-CBD 1.048 0.495 -0.533 I 47.24 I

P-THC 0.866 0.498 -0.368 J 57.50

E-THC 0.802 0.842 0.040 I 104.98

C-THC 0.861 0.578 -0.283 I 67.12

[0123] As is described in Table 6 all of the test articles, except the THC-containing plant extract 
resulted in a decrease in the concentration of intracellular calcium ions. The amount of 
reduction shown by all of the other test articles was similar to that shown at the NMDA 
concentration of 1pM.

[0124] As noted above when these data are compared with the data from Table 4 the CBD- 
containing plant extract that would be of benefit as a neuroprotectant at this higher 
concentration of NMDA.
Table 7: 100uM NMDA

Test Article Concentration of intracellular Ca2+ |%AF/F

Pre-treatment Post-treatment Response (Post-Pre)
P-CBD 0.910 1.289 0.379 I 141.57

E-CBD 0.881 1.004 0.123 I 114.01

C-CBD 1.148 1.404 0.256 I 122.31

P-THC 0.947 1.897 0.950 I 200.35 I

E-THC 0.872 2.578 1.706 J 295.77

C-THC 0.942 1.599 0.657 I 169.76

[0125] At the highest concentration of NMDA none of the test articles were able to reduce the 
concentration of intracellular calcium ions. This result is not unsurprising as a concentration of 
100pM NMDA is extremely neurotoxic and can result in immediate cell death. At the lower 
concentrations of NMDA there is neural degeneration and possibly delayed apoptosis.

Example 4:

Acute effects of cannabinoids on NMDA calcium ion response following overnight 
incubation
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[0126] In order to assess whether the neuroprotective effects elicited by the test articles in 
Example 2 (Table 3) were altered by the overnight incubation with the different forms of 
cannabinoids the following experiments were undertaken. It has been speculated previously 
that the cannabinoid receptors can become desensitised when exposed to their agonist for a 
longer period of time.

[0127] The hippocampal neurones were incubated overnight with 1pM test article. The 
neurotoxin NMDA was then applied at a concentration of 10pM for 2 minutes; this was then 
followed by a 5 minute application of 1 pM of the same test article.

[0128] Table 8 details the concentrations of intracellular calcium ions when treated with the 
different forms of cannabinoids. Similarly to the effects described in Example 2 a reduction in 
the concentration of intracellular calcium ions would infer that the test article had a 
neuroprotective effect. The CBD and THC comparators were not tested in this experiment.
Table 8:

Test 
Article

Pre-treatment 
[Ca2+]

%AF/F Post-treatment 
[Ca2+]

%AF/F j Response (% 
change)

P-CBD 0.424 52.42 0.715 71.97 -68.6

E-CBD 0.662 77.63 0.336 32.43 49.2

P-THC 0.379 46.53 0.487 38.93 j -28.5

E-THC 0.843 112.08 0.680 62.11 j 19.3

[0129] As can be seen in the table above, both of the essentially pure cannabinoids resulted in 
an increase in the concentration of the intracellular calcium ions. The essentially pure CBD 
increased the concentration to a large extent and one which itself could be seen to be 
neurotoxic rather than neuroprotective. This is surprising as in Example 2; the essentially pure 
CBD produced the largest reduction in the concentration of intracellular calcium ions.

[0130] Both the CBD- and the THC-containing plant extract reduced the concentration of 
intracellular calcium ions. This very clearly shows that the cannabinoid-containing plant 
extracts have a far greater potential to be neuroprotective agents.

Conclusion:

[0131] The data generated by the series of experiments described in the accompanying 
examples provide clear evidence that the cannabinoid-containing plant extracts are more 
efficacious than their essentially pure counterparts.

[0132] Furthermore the data from the cannabinoid comparator samples provides evidence that 
the reason for the improved effectiveness of the cannabinoid-containing extracts over the 
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essentially pure cannabinoids is not purely due to the presence of the minor (or second most 
predominant) cannabinoid in the cannabinoid-containing plant extract.

[0133] It would appear that the increased efficacy of the cannabinoid-containing plant extracts 
is as a result of the presence of one or more of the other components identified in the plant 
extracts. These other components include, but are not limited to, the other cannabinoids or 
constituents of the non-cannabinoid fraction, as detailed in Table 1.
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Patentkrav

1. Planteekstrakt af Cannabis sativa L. til anvendelse som en neuroprotektor i 

forebyggelse eller behandling af neurodegeneration, hvor planteekstraktet af Cannabis sativa 

L. omfatter enten:

a) et ekstrakt, hvor et primært cannabinoid er tetrahydrocannabinol (THC) og 

ekstraktet omfatter (vægt/vægt af ekstrakt)

i) 63,0 - 78,0 % THC, 0,1 - 2,5 % cannabidiol, 1,0 - 2,0 % cannabigerol, 0,8 - 2,2 

% cannabichromen, 0,4 - 1,0 % tetrahydrocannabivarin og <2,0 % tetrahydrocannabinolsyre og

ii) <6,0 % terpener indbefattende monoterpener; di/tri-terpener; sesquiterpener og 

andre terpener, og 6,3 -26,7 % steroler; triglycerider; alkaner; squalen; tocopherol og 

carotenoider eller

b) et ekstrakt, hvor et primært cannabinoid er cannabidiol (CBD) og ekstraktet 

omfatter (vægt/vægt af ekstrakt)

i) 57,0 - 72,0 % CBD, 2,0 - 6,5 % THC, 0,8 - 6,5 % cannabigerol, 3,0 - 6,5 % 

cannabichromen, 1,0-2,0 % cannabidivarin, og <2,0 % cannabidiolsyre og

ii) <5,8 % terpener indeholdende monoterpener; di/tri-terpener; sesquiterpener og 

andre terpener, og 1,7 -28,4 % steroler; triglycerider; alkaner; squalen; tocopherol og 

carotenoider,

hvor forholdet mellem den cannabinoid-holdige fraktion (i) og den ikke-cannabinoid- 

holdige fraktion (ii) er mellem 60:40 til 90:10 af det totale ekstrakt.

2. Planteekstrakt af Cannabis sativa L. til anvendelse ifølge krav 1 i forebyggelse eller 

behandling af neurodegeneration omfattende en kombination af ekstraktet a) og ekstraktet b).

3. Planteekstrakt af Cannabis sativa L. til anvendelse ifølge krav 1 i forebyggelse eller 

behandling af neurodegeneration, hvor ekstraktet omfatter samtlige af de naturligt ekstraherede 

cannabisplantebestanddele.

4. Planteekstrakt af Cannabis sativa L. til anvendelse ifølge krav 1 i forebyggelse eller 

behandling af neurodegeneration, hos patienter med: Alzheimers sygdom; Parkinsons sygdom; 

amyotrofisk lateral sklerose; Huntingtons sygdom; multipel sklerose; frontotemporal dementia; 

prionsygdom; Lewy body-demens; progressiv supranukleær parese; vaskulær demens; normalt 

tryk hydrocephalus; traumatisk rygmarvslæsion; HIV-demens; alkohol-induceret 

neurotoksicitet; Downs syndrom; epilepsi eller en hvilken som helst anden relateret
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neurologisk eller psykiatrisk neurodegenerativ sygdom.

5. Planteekstrakt af A Cannabis sativa L. til anvendelse ifølge et hvilket som helst af krav 

1 til 4 i forebyggelse eller behandling af neurodegeneration hos patienter med iskæmisk 

sygdom.

6. Planteekstrakt af Cannabis sativa L. til anvendelse ifølge et hvilket som helst af krav 1 

til 4 i forebyggelse eller behandling af neurodegeneration hos patienter med: apopleksi; kardiel 

iskæmi; koronararteriesygdom; tromboemboli; myokardieinfarkt eller en hvilken som helst 

anden iskæmisk relateret sygdom.

7. Planteekstrakt af Cannabis sativa L. til anvendelse ifølge et hvilket som helst af krav 1 

til 4 i forebyggelse eller behandling af neurodegeneration hos patienter med hjernelæsion eller 

-skade.

8. Planteekstrakt af Cannabis sativa L. til anvendelse ifølge krav 7 i forebyggelse eller 

behandling af neurodegeneration hos patienter med: diffus aksonal læsion; hjernerystelse; 

kontusion; piskesmæld eller en hvilken som helst anden traumatisk hoved- eller hjernelæsion.

9. Planteekstrakt af Cannabis sativa L. planteekstrakt til anvendelse ifølge krav 7 i 

forebyggelse eller behandling af neurodegeneration, hvor hjernelæsionen eller -skaden er en 

erhvervet hjernelæsion.

10. Planteekstrakt af Cannabis sativa L. til anvendelse ifølge krav 9 i forebyggelse eller 

behandling af neurodegeneration, hvor den erhvervede hjernelæsion er fra gruppen: apopleksi; 

anoksisk hjernelæsion; hypoksisk hjernelæsion eller en hvilken som helst anden erhvervet 

hjernelæsion.

11. Planteekstrakt af Cannabis sativa L. til anvendelse ifølge krav 9 i forebyggelse eller 

behandling af neurodegeneration, hvor hjernelæsionen eller -skaden er en lukket hovedlæsion 

eller en åben hovedlæsion eller en hvilken som helst anden hovedlæsion.

12. Planteekstrakt af Cannabis sativa L. til anvendelse ifølge et hvilket som helst af krav 1 

til 4 i forebyggelse eller behandling af neurodegeneration hos patienter med aldersrelateret
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inflammatorisk eller autoimmun sygdom.


